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ABSTT•ACT

This study was to determine whether Standard Item dop foods (dry),

Purchased under Federal Specification, ýiould provide sufficient calories

to nermit working military dogs ýo maintain weight and work efficiencv.

!tauv commanders and veterinarians caring for such dops had reported

loss of weipht and insufficient s:.nmina esneciallv in warm, humid

climates, e.p., S. E. Asia and Ft. Benninp, Ca.

Sixty dogs from a dog class at the Scout Dog Training School,
Ft. Benning, Ga., were arranged into grouns of 20. One group was

fed a sneciallv formulated hirh calorie, highly-digestible dry ration,
Militarv Stress Diet 198 (OESD) the other two grouns each received

one of the tuo Standard Item dry dog food products, one sunplied
by the Sturdy Dog Food Co., (Sturdv), one by Quaker Oats Co., (Gaines).
The do"s were trained in the usual manner during a 12-week training
cvclc in July, August and September to maximize the effects of heat.

InfornatLon was sought in three general areas: food intake and
weight performance, relative digestibility and nutrient value of
the rations, and some effects of heat.

IISD) was clearly sunerior to the Standard Item rations. The

dogs ate less of it and gained weipht while those on the other diets
lost weight. MSD contained approximately 50% more calories Per
veipht as digestible energy, and each of tile components measured
b' proximate analysis (protein, fat, carbohydrates, ash, dry matter)
was more digestible by 10-20%. Digestibilitv of SMI) was 94Z as
comnared to 80% for the other two diets.

A ration having the digestibility and caloric density of IMSD is
strongly recommended for standard procurement for military use,
either for snecial situations or for routine use. Two pounds, day
of the Gaines product would be required to provide caloric balance,

but the dogs in this study ate only 1.7 ibs/dav. The Sturdy product
is not recommended for military use due to low acceptabilitly by

the dogs and low digestibilitv.

At least 50 kcal/lb of body weight/dav must be absorbed under t.ae
conditions of this test for these dogs to maintain body weight.

Heat exhaustion among the dops was evident, especially early in
the training period. During road marches, approximatel- 10' of the
animals were unable to maintain thermal equilibrium uhen the ambient
temperatures were in the 80's and relative humidity 50-75,°:. The
"working temperature" under these conditions for most dogs was 103-
105F. Those dops not eruilibratinp continued to increase body temper-
ature above 106F; they became weak and -Ataxic, could nit keen up
and had to be rested and 'Vet down" to reduce their terperature.
CiLcasional animals would collapse with temperature over 107F. One
died, after achieving a temperature above 108'. lhyperthermia decreased
the dogs' resnonsiveness to handlers and undoubtedly decreased training
efficiency as well as scouting performance.
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BODY or '1.1p'1"T

"!1ork. Unit Jumber: 061 Nutritional Asnects of "'ilitar'- Dop' Performance.
Ft. Benningz Field Ftud',

TT!',T;)OU-C: I107

ThZ value of do's to militar-' operations has ueen amply documented

(1,2). In 1968 some 5J0)J dogs were in use by the U. S. Forces, and more

were desired. The Department of Defense accents dogs of the German Shep-

herd breed, recruited from the civiliai-oined dog market. Tilese animals

reflect the collective characteristics, includinp defects, represented

b- the civilian dog population. Riporous screening for acceptavce as

rilitarv dops results in rejection of a-v,roximatelv 50, of the a;iimals
presented (3). The inadenuacies of the current dog suppl- and the recognized

notential of a sunerior detector dog nromnted the development of a research
nrogram to produce dogs especially for militarv duty, with capabilities
far beyond that of the present dogs. T1"his research program was established
as Project No. 3A025601A830 in Program Element 6.21.56.01A, line 17A,
of The Army Surgeon General's PDTL Program FY 1968-1973. It includes
selective canine breeding, behavioral evaluation and veterinary research,
to nroduce a sensor dog having sunerior phwv:ical, sensory and behavioral
characteristics.

Despite careful selection and training, and notwithstanding the recognized
great value and utility of today's militain' dog, operational reports
and individual observ.'cions indicated that substantial numbers of dogs
did not nerform at the levels anticipated (2,4). Com.manders in the Republic
of Viet N1am renorted that the militar.7 dog lacked endurance wl-en engaged
in operations (1,2). Severe weight loss had also been seen (4). In
CONUS, w;eipht loss and lack of endurance have been observed in Army and
Air Force dogs required to work in warm, hiumid climates. Veterinarl
officers caring for these dogs suanected that the cause was r.utritional

t in origin and that the ration offered these dogs was of insufficient
caloric densitv.

Current feeding practices for milicarv dogs have evolved from experience.
ITe basic rations fed are procured under Fed. Spec. NF 170e: Feed, Dry,
for Dogs, and D 20692B: Dog Food, Canned. These snecifications are
based primarilv on the 1962 National .,esearch Council (NRC) -,ublication
No. 989, "Nutritional Requirements of Dogs." This nublication is csncerned
with requirements for 15-30 lb., "normally active" dogs and is not directed
totiard requirements of larger (average annroximateiv 70 1i,) military
worhing dogs. Caloric requirements for military dogs have not been determined.
ARADCO01 Regulation No. 190-12, 2 September 1966, ":ilitarv Police ARADCOI
Sentry Do%, Program," Chapter 2, Section VI, paragrani 34a, states: "the
normal ration is 2 lbs. of dry food and one pound of horsemeat with natural
juices ner day."

NOT REPRODUCIBLE
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The caloric densit" of dog food purchased for military use varies

fro, 5)0 to 1600 Calories/lb. (1.1 to 3.5 kcal./gMT). Tlhe lower fipure

represents the vzet-tvpe canned food. The dry foods in common use range

from annroximstelv 1210'-1600 kcal./lb. The Federal Specification for

dog food does not set limits for caloric density and permits a broad

varietv of ingredienti. The uncertaint, of optimal nutritional requirements
for working military does combined with tle spectrum of ingredients permis-
sible under the snecification provides very little assurance that these
dogs are beinp offered proner rations.

Since the nilitarv dog is a valued operational asset, and more and
better doý,s are to be produced, tCe need for some definition of their
specific nutritional requirements is ob,vlous.

In man it is established that energy revuirements ara higher in a
hot environment (5). The 1968 revision of the calorie allowances published
by the :,RC suipests that the food requirement be increased rather than
decreased for men performing work at high temperatures (5,6). In one
study it has been shown that an increase in tempeiature, with or without
an increase in rplative humidity, raises the caloric requirement of the
military dop (7).

Ithether standard dog :ations are suitable to sx. tain operations in
hot humid environments was nuestioned, with primary doubt about caloric
density (4). Othir Probable factors which could limit endurance and
maintenance cf weight include intercurrent disease, dehydration, electrolyte
depletion, and Poor thermal acclimation.

In an earlier apnroach to this problem, the U. S. Air Force, working
ý!ith a manufacturer of commercial dog food, had developed a spec'al,
calorie-dense exnerimental ration, '!ilitarv Stress Diet 198 (I!,TD). Limited
experience with this new product had led Air Force investigators to conclude
that TISD should be made available as a standard item.

The nresent stud'- as desipned to compare two Standard Item dry-
tvpe dop foods, and IISl), in dogs undergoing rormal training in a
varn and humid environment. The U. S. Arrry Scout Dog Detachment
at "t. Aenning, Georpia, was selected for the study since Scout dcgs
traininn there durinp sumer consistently exhibited weight loss and
marginal stamina.

Lte subjects in this study wiere dogs assipned to Cls. 1-69 at
the gcout Dog Detachment and were to be trained during July, August
and Sentenher 1968. The class was one in a continuing training program,
12 weels ner class, uhich nroduces "Scout Dog Teams" - a dog and
its handler - which have trained together to detect enemy Personnel
ur materiel, boob", traps, and lost or wounded friendlyr personnel.

NOT REPRODUCIBLE 2



Facilities and Tvpical Training CycLe

For the first two weeks, the dogs were housed in a permanent
h kennel area, in individual runs approximatelv 4'xl)', containing
a wooden dog house which is elevated some 18". The house provided
shade both inside and beneath but there ias no roof over tCe run.
"Individual runs were side-bv-side, the cormmon wail being concrete
block for tCe lower 4 feet. Chain-link fence was used for the rest
of the run. Two "banks" of 8 - 12 such runs faced each other across
an 8- 12 ft. corridor. The floor for thie entire area was a concrete
slab. Amnle running water was available.

In 1968 there were five such kennels at Ft. Benning located in
an onen area containing several large trees. The kennels an6 concrete
slabs were partially shaded but were very hot during afternoons.

Training during the first two weeks was conducted mrirmarilv in the
kennel area, in an open field. Dogs were out as early as 0600 hrs. and
were drilled in basic obedience ("come," "sit," "stay," etc.), with vocal
and hand signals. This work was repetitious but not physically demanding
and was Derformed as much as 5-6 hours ner day with frequent breaks.

After the first two wecks dogs and men were moved to outdoor bivouac
areas where men lived in pui tents and dogs were tethered nearby. The
bivouac areas were wooded, with abundant shade. Dogs were tethered so
they could not reach each other. The handlers constructed makeshift
shelters for their dogs, using poles and shelter halves or ponchos, etc.,

as nrotectioa from rain. Specific scouting procedures were taught from
such field bivouac areas for the remaining 10 weeks.

For the wo weeks of basic obedience, and continuinp through the
first 2 or 3 weeks of "scouting procedures" in the field, the dogs and
men underwent road marches of 24-5 miles, two or three per week to assist inSohivsical conditioning of the dogs. Portions of each march were conducted
at double tine. The marches were the most strenuous facet of the training
program (excluding brief activity in an obstacle course).

The "scoutinp, procedures" field training %as a series of repetitious
i)atrols along routes prepared with a variet, of "enemy" personnel and

I material. Mhe dog was expected to sight, scent or fear the object and
'alert" - (the alert is bowe physical canpe which tie handler "reads.")

Th1a alert is different for each dop aiid often different in tUe -:irme dog
depending on the type and intensity of the itimulus. The handler attemnts
to learn to translate the alert into location and dist.nce of the object,
and, if noscible, whether it is man or materiel.

Routes for these patrols comnriseu all manner of terrain and wyere
varied regularlv. The work was conducted at a :ilol, ',aik ad wa5 not

NOT REPRODUCIBLE



plvnsicallv strenuous. '!ost training patrols utilized two dogs, on a
route which ultimatelv returned to tae point of origin. One team lead,
scouting; the other brought un the rear, in reserve, and not scouting.
At the mid-oint of the route, the teams were exrhanped, the second handler
placed the lenther "work" collar on his dop ai.,i t,. did the scouting
for the return portion. (When not actually sciutiij, tGese dops wear
a 'choke-chain" type collar). The entire patrol required 15-40 minutes,
with each dop "workina" half of it.

There were 6-15 dog teams per squad, dependent upon the class size
and number of instructors. During the training natrols, the dogs not
actually on patrol were held on leash at the point of origin of the route
beinp scouted. A particular noint was frequentlv tae focus for several
patrol routes, and once all teams had scouted the first route, they would
scout the other routes. Tn this way, each dop team could "work" 2-4
routes ner morninp and afternoon, requiring some 30-60 minutes of actual
"work" time. An equal time was snent in reserve on a patrol. The rest
of the time, while waiting at the point of origin, was spent repeating
basic obedience drill, grooming, and study of manuals by the dog handlers.

Certain consistent husbandry procedures were performed daily, whether
in kennel or in the field. After his owm brea'.fast, the handler emptied
his dog's water pail and cleaned his dop's kennel (or stake-out area).
After assembling his uniform and dog equipment for the day's activity, he
renorted with his dog to the assembly area for training. After work,
one hour was devoted to grooming and resting the dog prior to feeding.
The groominp and rest usually occurred between 1500 - 1600 hrs., and
feeding was accomnlished between 1600 - 1700 hrs. The feeding hour was
occunied with mixing of feed and later with washinp the feed pans, cleaning
the kennel area for the day, and leaving the nail of drinking water full.
The food was left before the dogs for 30 minutes durinp this hour. and
uneaten food was removed at the end of the period.

The 9th week of training was devoted to night operations, so schedules
were adjusted by annroximatelv 12 hours. The last week (12th) included
an Operational Readiness Test, and veterinarv examination of the dogs
for POR nualification.

The dop teams of Class 1-69 were being trained against a specific
numerical requirement, and this study represented considerable imposition
upon the already hard-nressed cadre as well as the stukents. Training
of these do-s tias a hiph-nrioritv mission so this study was desipned,
unon consultation with members of the cadre, to minimize interference
with traininp. Probably the largest concession to the training schedule
was in offerinp a standard amount of food to each dog, the food measured
volumetricall,". It was not nractical in the field to weigh each
ration individually or to orovide additional food free-choice when
individual dops ate all of the standard amount

NOT REPRODUCIBLE
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?¶AT.-IALS AUTID O1W1"

1. Mors

The class consisted of 86 dogs initial]". They were Oerman Shepherd
phenotypes, 2-3 1/2 years old, ranging in weigpht from 55 - 39 nounds;
85% were males, the remainder neutered females. The dogs had been
obtained through the dop procurement section of Lackland Air rorce
Base, San Antonio, Texas. After an "in-processing" period of a few weeks
to a few months (depending upon presence or absence of minor medical
or administrative delays), they were supplied to the Scout Dog Detachment
in response to a standard requisition. Thus, the dogs had arrived at
Ft. Benning after a short period of "service" in military facilities.

Sixty of the 86 dogs were selected by a table of random numbers for
inclusion in this study. They wiere further alloted to one of 3 subgroups
of 20, based on body weiFht: the distribution of individual weights in
each subgroun was arranged to provide a renresentative sample with
resnect to weight (same mean, range and variance). All dogs %iPre
in pood health at the beginning of the studr and, narticularl,, none
Uas obese.

Each dog in the class was naired with an enlisted handler-trainee.
These men had recently cormleted their Basic Combat Traiing and the
12-week course wias their Advanced Individual Training. In most cases
the men had not volunteered to be Scout Dog handlers. The dog and handler
constitute a "dog team," and once paired they normally remain together
during training and subsequent duty. Should one of the pair be dis'iuali-
fied for some reason, the other would be paired with a new "teammate'
and underpo training again as a team.

2. OOr, FOOD

Three rations were used, each fed exclusivel-, to one of t'ie three
groups of 20 dogs. One was the special formula, 'filitarv Stress Jiet
198" (CSD), produced by lill Packing Co., Toneka, Kansas. The other
two were the currently available standard item Dry Dog Food products
being Procured under Fed. Spec. NF 170e, one made by Sturdy Dog Food
Cu. (Sturdv) and the other by Quaker Oats Co. (Gaines).

A sufficient quantity of these rations to supply tke entire study
,?as Procured at one tire. 'he Sturd," and rainea Yer(- -iuvnlled directlr
from the Atlanta reneral Denot, and each T>roduct came from e ;ingle lot.
The :SD) was provided by the manufacturer as a single lot. l'ackaging.
and nacking were similar, commercial domestic nack, 51 lb. multiwall
bag'.

3. 11:ASU11X!%':IT OFr BODY 1IIGhT

.The dogs were weighed wyeeklv on a trailer-rounted rerpuson-Banks
,1tock Scale which was 'calibrated" irior to each use uith a 5 lb. test

NOT REPRODUCIBLE5



weight. The scale beam was calibrated in full pounds. (The dog handlers
usually record weipht of dogs, food, etc. in Aviordupois so this system
was used.)

4. 11ASURPIE¶NT OF FOOD CONSUIPTION

The docs were offered a fixed amount of their respective ration each
day: 1.9 lbs. each for those in the ,41SD Croup, 2.2 lbs. each for the
other two groups. As a practical procedure in the field, each dog's
daily ration was determined volumetrically with a previously-tared measuring
CUD.

Daily food consumption was determined for each dog by deducting the
weight of food not consumed from the standard amount offered. The food
was available to the dogs for 30 minutes. The dog handlers were asked
to vick up any uneaten food which was spilled and return it for weighing.
Mtodel Y-5 Precision Balances, dial type, calibrated in ounces, were used
for weighing food (and feces).

There were several sources of error in the determination of food
consumption. First, food was offered in fixed amount and therefore the
upper limit for consumption was fixed. Second, there was undoubtedly
some variation in the "standard" amount offered, and lastly the uneaten
portions may not have been returned completely if some were spilled, or
the weight included bits of leaves, dirt and twigs added to that which
was picked up. In each of these instances, the errors were judged to
be small in magnitude compared to the heterogeneity of the group and
the individual variations in food intake.

5. If"IMATOLOOY AND SERUMI CHIEISTRY

Samples of venous blood were obtained weekly from each dog. Blood
was drawn prior to beginning the day's work (060U - 0800) and in many
cases after the work day as well. Those specimens for packed cell volume
and differential count were nreserved with EDTA and refrigerated (ice
chest in the field) until the laboratory analyses were completed several
hours later in the laboratory of Martin Army Hospital, Ft. Banning. For
chemical analysis, the blood was centrifuged immediately (generator-
driven centrifuge in the field) and the serum frozen on dry ice as soon
as it i7as separated and labelled. These specimens were then mailed to
Chemistry Division, USANOML, for analyses.

6. IN;TESTIT;AL PARASITES

Each dog was examined initiallv and monthly for intestinal parasites
Ibv standard centrifugation of a suspension of feces.

7. *IALAMCE STUDY

At the end of the 12-week training cycle, 4 dogs from each diet group,
selected randomly, were placed in individual steel metabolism cages and

6



a balance stud" waq nerformed for a period of five da-s. A marker of
red carmine dye was fed to each dog with the 1ast Meal Prior to initiation
of the stud". Food intake for the next 5 dali" meals was measured as
during the preceding weeks, and all feces produced after those colored
by the marker were collected. A similar marker w:as fed with the fifth
meal and indicated the last feces to be collected. Urine was collected
and Preserved. The dogs remained in the cares 24 hours per day.

A similar "pilot" study had been performed a month previously, uting
2 dops on each ration. These 6 dops were not Part of Class 1-69 and
were not in training at the time.

8. XipLYSI., OF F-)n), FECES AID UnI:nr

Each of the 3 rations was sampled monthly- a 400-gm composite sample
of each was frozen and analyzed for vrotein, fat, moisture, carbohydrate
by difference, total energy (bomb calorimetr,,), Ja, K, Ca, and P.

rFor the balance studies, feces were collected at least twice daily,
each dog's output Dlaced in individual Plastic bags, weighed and frozen
immediately. At the end of the 5 - dav feeding period the feces for
each dog were thawed, combined with distilled water (2 parts water and
1 part feces by weight), and mixed, using an electric blender. Aliquots
of 100 grams each were then frozen and sent to MIL for proximate analysis
and bomb calorimetry. All the dops fed IISD had mush", unformed stools;
their freruencv of defecation was not increased.

Urine was collected nuantitativelv, measured, acidified to pHl 2.0
with IMC, and frozen. Aliquots of 100 ml were sent to 'IMIL for determination
of nitrogen, Ia, P, Cl.

9. ESTIMATION OF WATER CONSUMPTION

The dogs' sources of water included a 10-quart steel bucket
in the kennel run (or accessible to the tethered dop in the field),
an extra canteen carried by the handler, and "fast-runninp" streams.
Each handier was provided a small notebook in which to record his dog's
water conumntion each day. Uater from streams was to be offered in
the canteen curt.

Relative hydration of the dogs was also estimated from their clinical
annearance, serum refractive index, and packed-cell volume.

1i. BODY TETERATIURE

The dopg' temperature was recorded under various conditions using
clinicai rectal thermometers. Squad leaders and (lop handlers were pro-
vided with thermometers and instructed In their use. Tlhe investipators
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used similar thermometers, as well as a Yellmo Springs temperature meter
coupled to a rectal probe by 5 meters of lipht wire, enabling continuous
monitoring of body termerature of individual dogs during road marches.

A small telemetry set, constructed by Biocon, Inc., Culver Cit,
California, and consisting essentially of a portable 2-channel (stereo)
cassette tane recorder and miniature transmitters for temperature and
heart rate (actually MGO), was used on some dogs but was not available
early enough for extensive use. The small transmitters were attached
to a light harness about the dops' chest, with bipolar EL1G electrodes
pasted to the sternal midline, and a rectal probe inserted. A 12" antenna
was secured to the harne -,. Inexpensive individual F,1 receivers picked
up the transmitter output as an audible "wihine," with frequency proportional
to temperature on one, and to heart rate, on the other. Range was at
least 130 meters. The receivers were coupled by cable to the stereo
recorder, one signal into each channel. For analysis, the audible taped
signal w:as "demodulated" (modulated by the transmitter) by special devices
iiiich 'iore built into the recorder's sneakers, one for each channel.
The taned signal could thus be displaved on an oscilloscope or used to
drive a meter or chart !Triter after the display mode had been calibrated.

11. * AElII'T TE!TEfRATURE XID 1VIIII)ITY

tourlv temperature and relative humidit¶, were provided by the 16th
'leather Squadron, Det. 13 ('"AC), Ft. Benning. Their readings were made

at a noint near the post airfield. Investigators compared those values
with temperatures taken in the field at the site of training and found
the differences to be negligible.

12. C1IVT!CAL ANALYSES

a. Automated analyses were performed for many; of the determinations,
using an Autoanalyze&R) (Technicon, Tarrvtomn, N. Y. 10591) and methods
adapted b,, the manufacturer. Total protein (8), glucose (9), urea
nitrogen (10) cholesterol (11), sodium (12), potassium (13), calcium
(14), phosphorous (15), and chloride (16), were determined in this way.

b. Proximate analyses uzere performed by standard methods (17).

c. The Paar Oxypen Bomb was used for calorimetry.

d. Total lipids were determined by a turbidimetric method (18).

All specimens were received frozen and stored until the end of the
stud,?. '.nhen all snecimenq of a given kind had been received, they were
analyzed in a single "run," minimizing dav-to-da'y variation.

8



V

URESULTS A,4; DIS;US.")ION

1. FOMD A)•ALYSIS

Analyses of the three rations are compared in Table 1. Composite
samples were taken from the stocl' remaining toward the end of each
month, hence 3 values for each ration. The monthly variation in
specific analyses for each ration reflects sample variation and tile
reproducibility of the tests but probably not time-dependent change.

The analyses reveal the Sturdy and Gaines products to be quite
similar in content. IISD contalus approximately three times as much
fat, some bO% &s much carbohydrate, slightly more moisture and less
ash. It contains about 19% more calories. According to the manufacturer
the fiber content is low.

2. ATTPRITION OF DOGS FROIM T1.11 "iST

The weiphts of the 60 dogs at the beginning of the study varied
considerably. To minimize the effect of initial weight, dogs were
alloted to each subproup of 26 so each subgroup would be similar
to the others with respect to body weight of the dogs. Considerable
scatter in the data va food consumption and weight performance was
anticipated. Twenty dogs per group was the largest number which
could be managed by the investigators.

One factor not anticinated was continual attrition of test dogs
from the groups. Attrition began on the 3rd day and continued at
a fairly uniform rate through the 70th day! Each groun was affected
annroximatelv equally; of the original 20 each, the ',fSD group finished
with 10 dogs, the other two with 8 eaclh. The rate of loss from
each group is Dlotted in Fig. 1.

Unless specifically stated ntheriise, all results of this study
are dicussed wiyth reference to only 1;hose dogs which completed the
study. The data on the animal.-; which were dronped from training prior
to comnletion of the study serve to reinforce the conclusions, however,
since they are essentially similar.

Nearly all the dogs which "dropned out' did so because of admini-
strative or medlcal actions involving tLeir handlers, resulting in
loss of training tinme and forcing the team to be "recycled" with
a subsequent class. An occasional dop was judped to be progressing
too slowly to keen nace with the class and thus was recycled; occasional
ones were hospitalized with fipht wounds and had to be recycled.

3. FOOD CONSU?'PTIo:1

The amount of food eaten by eaca dop was tabulated for 80 of tile 84
days of the stud,". (n three of the da,,s, hIav- rain at meal time precluded
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"accurate weiphing of wveaten nortions. and tae initial day's values were
invalidated b- a chan<e in the ethod ,' bwhich each ration was measured.

lailv food consumntion was erratic for all rations tarougtout
the study, most dops tending to follow individual cycies of eating
more and then less. (if all meals offe..Ad during the 30 days of
the studv, only 23', were consumed covm.Letelv. leeklv food :onsumption
by each dog is listed in Tales .- 4A, and the total eaten n,!r week
b- each diet .roup is surmarized in Tabjle 5. included in Table
6 is the total eaten b- each dog over cuie entire 3G days. In each
of these tabulations it is obvious tieat thie group eating the Gaines
nroduct consumed more (1.73 lbs/meal.) than did those on Sturdy and
IMSD (1.48 and 1.4') lbs/meal). These numbers are overall means compiled
by the dofs which cor-pleted 12 veeks (8;) days) on the respective
rations.

Jean food consimntion ner real for each groun was compared by
analysis of variance, fo~lloied by Car '.eur.an-Keuls procedure (19).
The averape food consumption per meal was sipnificantl" (treater
at the 95;; level for ;aines C',an for either Sturdy or SiSD; there
was no difference betw:,em Lhe latter.

The erratic eating oattern of man,, ci thie dogs was somewhat
of a surnrise. A minorit- of them, oerhtans 2u%, consistently ate
apnroximatell the same amount daily. :!ost, however, were unpredictable,
On narticularl" hot and huriid days, frx: dops ate their "tcustomarv"
amount.

To examine the relation betWee.n f nod ,:Onsumption by individual
dogs, and the weather, sizx.le and muicrlie correlation coefficients
were determined amonp the follmoin,, for each day: food eaten, average
temýerature and humidit- for the 24 'i. neriod (hourly readings),
maximum temnerature for the da,, maximum hunidit• for the day, average
temperature during the workinp day (0JO-1800 iir4), average humidity
durini' the same .eriod, temneraturq at teedinp tine. and humiditv
at feedinp time. The nrocedure (,sufi.rned t6at there were statistically
sipnificant correlationi 1:ctwcen rmouitt consumed and tihe various
temperatures, often to the 99, eei ,ae causative implications of
this correlation are neýes:saril" -cnieutual since nearly every
dal, was hot, and -er'.ainlv ociier tar.:rs influenced food consumption.

Fiig, 2 is a •.eracie orofkie ot torn-zatuce and otumidity exper-
ienced at Ft, i:emitn , durizu tile stud". )he irnortant point which
it contains is the semnini']x ili-f-hoseol Lime for feeing the dogs - - -

often the hottest i)ortion or t Le dak! The training 4chedule is
rest:ictive, of ".orse, and tie tine selected must be comnatible
with many facet;, of 2ie ent:re Iro,: am
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4. UEIGHIT PLRFOP ',CE

The body w( ight of each &I'p is listed in Tables 7A-7C for each
week of the study, and in Table 6 are tne mean weight of each dog
(r' -arape of all weiphinps) and the net ciianse in weight for each
dog whichi completed 12 reek;.

Chan-e in bod,, weipht wlas the datuma of principal interest, but
its analltss is confounded by the small number of dogs which completed

the study, by the neterogeneity of their initial weights, and by
the large difference in mean initial weight between the Gaines group
and the other t:o groups. This latter difference is significant
at the 95% level.

Inspection of Table 6 reveals an obvious trend despite the afore-
mentioned complications, most of the 11SD Jgroup gained weight during
the study while most of the dogs in both other groups lost weight.

To determine v,,iether the size of the dog (particularly of the Gaines
group) may have influenced subseoueat weipht performance, the mean
weight of each (over the entire study) was plotted against the dog's
change in weight (final weight minus initial weight). There was
no evidence of regression on mean weights, supporting the thesis that
the smaller dogs were not necessarily more likely to lose weight than
gain.

There was a large variation in pounds gained or lost among indi-

'.duals even within each group. NI'vcrtheless, the mean change in
weight was positive (3.7 lbs.) only for the ,!Si) group; it was negative
for the Sturdy group (-1.6 lbs.) and for the Gaines group (-2.19
lbs.). A one-way analysis of variance showed these mean changes
to be different (P .oil). The Neuman-ueuls procedure confirmed
that it was the 1ISD groun which was different (larger) at the 99%
level; the other two groups were not statistically different from
each other.

5. BALýAICIE ST'DY

Two separate studies were performed in iliich net nutrient intake
was compared with fecal excretion to obtain an annroximation of
the relative diestibilltv of the tihree rations. Urinary excretion
was to be included but occasional contamination of collected urine
ly feces invalidated tiit nortion of the study.

A pilot study was conducted 14-18 August, using 2 dogs on each ration;
these dopFs were not from Class 1-69, but were dogs awaiting assignment
to a class. thev were nlace on the rest rations for 7 days prior
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to the 5 days durinp which food intake and fecal output were measured.
This portion of the test was to be a trial run to develop feeding
and cleaning nrocedures which would be compatible with the facilities
and staff available and the temperment of the dogs.

The data resulting from the pilot run were so similar to those of
the later definitive one on the dogs from Class 1-69 that they are
included, without further comment, as the "A" addendum to Tables
3 - 10.

After completion of the training cycle the dogs of Class 1-
69 were returned from the field to the kennel area for one week
while the handlers were given leave, prior to movement of the teams
to their respective dut. assignments. During 5 days of this period
(24-28 September 1968) 4 dogs from each diet group were confined
to metabolism capes and their feces were collected. In Table 8
are listed the total quantities of food eaten and feces produced
bv each of the 12 dogs.

There was large variation in amount of food consumed, even within
proups, as there was throughout the entire 80 days.

There was also large variation in amount of feces produced.
Host, marked, however, is the relatively small amount of feces pro-
duced by those dg£ on N!SD), es-w.cial.v in relation to the weight
of food consumed.

Table 9 contains the result of bomb colorimetry and proximate
alvyis of tecei. Peces from dogs eating NSD were slipghtly higher

in protein and fat and lover in carbohydrate than feces from dogs
eating the other rations.

Digesribilitv of the three rations was estimated using the quantity
consumed and feces produced by each dog (Table 8), the feces analysis
from "fable 9. And the Sentember food anali'sis from Table 1. The
nercent retained of each component was calculated, and expressed
as a dipestihbil.L', coefficlent in Table 10. Here the ISD emerges
as consideraDIA bettor "u:ilLzed than the other two rations: some
93% of the energy is utIlLzed, as opposed to approximately 80% for
the others, 88,'3 vers;us ?9% for protein, etc.

6. CAI,ORIC .T U'TAI,.a

The mean vi.i.e (dine~ribilitv coefficient) for each ration,
-is determined by the tour dons in each group, was used to calculate
calories ab1;orhed by all dops in the respective groups (amount eaten
x kcal/i1, ut toed x 4 absorbed). The number of calories absorbed
bv each doi, pc-: dai is ].isted in Table 6. This number, divided
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by the (lop's mean bcdy woiplit, yields an estimate of each dog's
approximate caloric intakp nor nnund of bodv weight. The mean weight
(average of all weeilv 'weirhin.s) and the calories absorbed/pound
of body weight are also listed in Table 6.

The dogs absorbed some 51 kc;:v:ries per pound of body weight
from 17SD, 45 froi-, Calnes and on!., 34 from Sturd'. T7he dogs absorbing
51 kcal/lb of bod ,,reiglht ex!oerilenced weipht gains (3.7 lb/dog)
While both A,5 kcal/lb and 34 kcal/lb resulted in wieight losses.
Tho difference in weipht was hi,-hl,' sipiificant, statistically,
as seen in the section on lleiýýht Performance.

Comparing mean calories ab!,crbed/lb of mean body weight, an
analysis of variance followed b'! 1.t*e lieuman-Keuls procedure showed
the 34 kcal absorhed/11, of Sturd'; co be significantly lower (P<.Ol)
than either the 45 from raires or the 51 from -LMSD. There is no
differp.nce Oetwoen the latter.

Oualitativelv,. the dogs on IUSD anneared in better condition
also. This ir,',res.qion was conveyed primarily by their sleek, shiny
Itaircoats while tie other dogse coats ce:ndod to be dull and dry.
The difference most probably resulted from the large differencL
in intake of fat.

7. CLINICAL LABORATORY DX~A

Biweekly levels of serum constituents for each dog comnleting
the study are tabulated in Tables 11-21. These data were analyzed
to detect differences among diet groups, among weeks of training
(changes w.*ith time), and, for some, betveen specimens obtained before
work (AM), and after work (P0N). The data were subjected to analysis
of variance and to the Tukev test of means (19).

A. Results: The levels of serum constituents are described
individually below: che folLowing conclusions emerge:

1. D)o)r 5 fd 7.1,9SI) had sign[ficantlv higher (P <.001) total serum

lipids than does fed Sturdy or Gainer (Table 20), as well as elevated
serum chole.terol. Tablle 21 and Figures 3 and 4.

2. Thero was no si,-ui.li.uant di f••ence (P-.05) attributable
to diet in scrtuM sodiuM, uo t ,l, 611017rid,,, caicitim, phosphorous,
total protein, ure;i nitroo.,, :'i iluco.-.c (Tables 11-13), or in packed
cell volume Tnhhi, 21.

3 Thiere was a str.ikin, and :,ecriingv paradoxical "time-of-day"
effect on packed cell volutie (pcv): tie PM1 values for each dog were
tisuallv lower than the respectivo AMl vnIues. Thn mean "'N values were
sifenificantlv Lower (P .05). T'able 21.
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4. Thereý wa-a, a -,,nihlar significant "tirne-of-day" effect on
urea nitro,7.'otn (i::), the 1"' nean bein, signfificantly lo%;er than the
AM mean. Table 17.

5. There w:as no consistent niatern of change with time in any
of the parameters, no "training effect." There were weeks when the gean
for one or another parameter ,was significantly different (P <.05) from
its mean on other weeks but these variations werc without apparent
pattern and remain unexplained. All the values were within biologically
normal range.

B. Individual Serum Constituents

1. :Sodium (Tab.le 11). Range 139-165 ing/100 ml, grand mean 147
t6.1 mg/100 ol. There is no difference among the means of the diet groups
or among idividual dogs. The mean for all (logs for the initial valae
(Week 0) arnd for Week 4 is significantlv greater than that for Weeks
6, 8, 10, 12: that for Week 2 is greater than for Week 6.

2. Potassium (Table 12). Range 4.0-6.7 mg/100 ml, grand mean
5.0 t.54 mg/i00 ml. Statistically there were no differences in these values
except the mean for all dogs for Week 12 was significantly lower than that
for Weeks 2, 4, 6, at P -. 05

3. Chloride (Table 13). Range 110-138 mag/100 ml, grand meap
121.7 ±5.5 mg/100 mle The only significant variations in chloride level
occurred bet-ueen the mean for all dogs on Week 4 (greater than Weeks 12,
10, 8 and 6) and Week 2 (;,,reater than Week 10 and Week 12).

4. Calcium (Table 14). Rcnge 7.8-13.0 mg/100 ml, grand mean
10.4 ±.73 mg/100 il The mean for all dogs for Week 2 was greater than
that for Week 0 (initial value), Week 6 and Week 12, and Week 4 was
greater than Week 6.

5. Plosphirous (Table 15). Range 2.7-3.0 mg/100 ml, grand mean
4.6 ±.96 mg/l00 rl. Again the only significant differences were between
means for all dof!,., for various weeks: the initial value (Week 0)
was lower than each of the succeeding weeks, except it was not different
from the final week ,Week 12) ; the Week 2 mean was greater than each.
of the other Weeks ' Viean.

6. Total Protuin (Table 16). Range 4.5-8.2 gm/100 ml, grand
moan 6.43 i.57 pmi00 ml. There were no differences in serum protein
among, the dogs except the mean for Week 4 was greater than that for
Weeks 8, 10 and 12.

It is of interest to note that the mean value for a number of
thene serum consituents was significantly elevated in the Week
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2 pccivien, leadifir' to the Slignict~on rii1;tt diehydration of the dogs
M", have bek~n ,. 1$acter thnt dn" (denn tc: th blood's being dravin
in the varl'; morning, prior to the ;:itart of tile work day) . 1however,
scrurt prot-rlIn lins not elevated in the ;W.eek 2 specimens, a strong
indiCati.01 that soine other explanation is requiured for the elevated
Wýeek 2 celectrol:,te levels.

7. llod Urea niroe (act 'lly plasma urea nitrogen).
Tahlo 17- Raiiie 10-43 rts,'/Nl~ ml, g~rand mean 19.9 t6.7 mg/l0O ml.

There -,in: tit diffference In I~U:4 amonrg dogs fed different diets, i.e.,
no)dj~ efu~ct," But analysis of these BUN data. reflect the futility
in arttcmptint, Lo identify all sources of variation. Thle statistical
tecci::inuos., nre s;ensitivc and precise; the numbers manipulated are
resultants o~r indeterminable I~ntera%;tions. In this case, while there
was i.io ove-rall "diet erlect," the following significant differences
amon;g * moek nens crne:'ged: Tile Week 21 mean for MSD-fed dogs was

hi'hr .an thle Week 2 Gaines, the W.Ieek 6 "MSD, Stu~rdy and Gaines, and
the 3ee 8 :ISI and Sturu.y. The Weelk 10 mean for dogs fed Gnines
was significantly *nigher than thle Week 6 mean for dogs fed Sturdy.
To furthor confuse, tho question, there were numerically significant
differences between A:1 and P"~ levels, for 2. weeks: onl Week 8,
the M~ mean for all dogs is sipnificantly high er (P <.05) than
the PM mean, aind for Week. 10 the opposa~te is the case! Taken mndi-
viduallv, the AM and P71 levels don't differ for the other weekts,
but when all. AK! values are compazred to all PM values, the AM values
are significantiy higher. As with thle other blood chemistry, distin-
guishing fact fror. artefact in thoese sporadic oscillations of individual
values is not possihlie inl this study.

S. ('11uco-e(c "Pih 1,S) Rngipe 59-129 mg/l100 ml, overall mean
26.6 t~ll 2 rig,l10: ml..

Thierc was nit overall. diet effect oil glucose level, no weekly
offect, andl no iiineracion hctueen vecioi and dict. There %ins no
overaill ti.me..of j.c f-rct i!r intneraction betweien diet and time-
of-(Iav. Ufhenl rweans for all, dotes were cornirrred for UWeeks 2, 6,

2,10 W !ths 0, 4, 142 in oromplete) , the &11 mean for IW'ee 2 is signifi-
cjan tjv ht :0her Mhani the VI' mean , and V.eekl 10 Is tile opposite . The
1"I mean i~or .1 1.i,: alino ;figni ficantly hi-flier than thle Weak
2 or Wenk 6, !"1 vian.

1) . Chol~es tern.] (Table 19) . Rnn!v l111-324 ing/10() nl, grand
menn 195.6 .' ng r1,0( till. For ntialy[r~r. oiily 5 dogs ill ench
of the 1151 and Sturty -'roups, had cnrmplete dnta (All and P.11), and
tlhev for 0111" foul. of thle we~eh.h. 'Ahene results showed no sinnificant
di f trences ie rweevn thle diet frcunn, aimvni, the four wceeks or between
the AM nid 1PI iminns. how-ever, nelacti on of only these data for
.4titistical. an~alvses npparently iprei adicect thle real diet effect.
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'1flwn al i. the d;at.' i; fa'' .h. 1) v:o'rk'- ~i ~u tile dog's fed M~D
clnetr v lad i 'iirw C u hoiCSLoro. Ievul.s r6an did Chose fed the
S Ltlrdv or GiiaIjws ration. Tf*wý CiW.'i.: 1!1-)'t frequently observed in the

lattr Poup )f do' -a vs 160*-179 i~g ,:hlei the peah frequency for
the ~'L91)-fed do,-,! occurred in tite 20)0--'19 tmii .. range. The frequency
dl'ýtrihution of t~io ~'~~#dvaltIO i.. -L~itted in rir~ure 3. These
d;.t. reoved, U" I 2 . itL foe'.;~ Lill 1:ISD ou to be bcl1 .wi 220

i.~ 2,~Aue ~tur: a I ina-z;-cd u(,,--, had !K2 and 93', respectively,
bclcw 22.0 : ivý"

In mi~ '\:r ~l ~~ iean ~e£n~ciioleoterol values for each
dietr -,roup as a tunctiol of in.The minti.il value for each of the
3 groups; Is si:n 1 -tr , cluisterod arott~d 170) Zt.. (Refer to Table 19
for preciso vaiuv.s and ntimber of vi' per mean. Only AM
valuer, were platted, in Figuire 4A.) ii-ý' th.- and of two weeks, however,
there I-, a pr;i inres to sevi -. :lebtmorol In thn 'MD1 group and
thii"; di xf*!t.aL. pir o r t~t IAi'th of Clhe study.

1. iaotaj i..if-tit (Thhlec. 2o~) lPlani! 433-1070 inig/1OO ,ul,
grand mean 6771111i ±iiO .2 zw/10!0 o1

1'or compnriF~on, tei-er wznrc como'Iore data fur 7 dogs fromt each
group, includIing X! anA !"' vaIuns -,(o ": weeks. There w:as a clearly
sipnificant- ditf ercrice arit-in,' the di'Le groupz: (11 '.001), tile Neuman-
Keuls p)rocedure reo ale-.. that th~e MS)) rnanu was significantly greater
than those 2f the t~yo other dict )!ruizns. fou Litter w:ere not diff-
erent t ror: r'ach other There l*ins no do.t erenvce atmong the. 3 weeks
or betveen rou* .- unr.,t~ ý- &w. 1e1n runi liold values for each group
are VlOtt(2( Lfl !-iurt 411 a!- a f~un'.LitOn u;. tui-e (tile plotted data derive
f rori NAM v::tueon , fahle 20) .A: 1 'Atti tilt cIioelsterol data, there is
an tearly and Pursjstent 1! tos -o 'r-.al iterurl 1ipid level in the
dogs fud AS~P. (T lasina or sorwim fromn dogs Ctid &181) was always opalescent
to licavi Lx rurbi!, 4Lvcn tihofn Ltkilet in tho AM, siert. 15 hours after
the. inno re ..tofl o.cll. C hu ionm- oriw ei-facts of lipemnin and choles-
tnroleoilt :i v'. .. d~r. st-iuy :,om 'ý O~ .,nsideration.0

l, :lcLa (~ *: ~ * ne ... ý1.. Raiv~e 36-56%, nrand

iln.an :.U .J

Alitl a . -Ai~~:s*r'~ vaiue ' ron, U dogs per group, for
5 kweaks" .11 W, at " *Ih.'z" ¶Jt Iiho,,ed ziimiil icant di fferences amuong
thle mes~j ht: -wt'k~ (i&~.L reatjr t~hin Weclk 4 or 6, P c .05) and
hot'.:eae the t-l .O- ol thlw tla"' XI gr nitu tiiA~n l I. Tito differences
anonsg the V1;1 0' CW CJ110L w an,,. not sirnificnnt'.

Tile (~t~ol C, ýt'1: 4L~.t~el. -blo - tac da).1y dif faronce, whichl
%wn~q cC0111.tML ton.0.. anparctit dir ino tliv.' Ltold woriz, wui-i not anticipated.

NOT REPRODUCIBLE



Since /V1 :i•ei.n:! ::s %icr taken pri.or to w:orl:. and 31! sannples wiere taken

immedlatt.'Y nfro- .,-r%., s.•wmi iie,.-n,-ration in P:M blood mi:,ht have
been e.pectei ;,cJclation iuw to -,tu:;e of th, sM!emi;, A1! Ihemoconcentration
wolild jt!%1Lit'. me!11. dI..nOr'eenn t of 11i•t'n' .In the ccxtciment incident
to preparation fo: tie day '." work, noid by evenin[" maxinal volemiLa as
a Consel.tialiec of tlit g1y' phiysics.' and thermal stress. Certainly there
was no herin.rl centCtition in the P.*i.

8. IM.-l147rl; ,).11 ''I [ :;"':'• o 'I;I!..\ U I, (II.:ATV)

TIh, p!, r,-" d'snersion of t.ie pr.np :f dogs; beir.g studied,

and t:Ce several typcz of terrain being traveled simultaneously by
the diffeo).nt squads comprisin, !lass 1-69, made it'inpossible. to
observe? ctor;elv all of the dops under all conditions. Rectal tem-
peratures of che dois were talken b, handlers on many occasions,
espoecialv durinp road inarches, and by the investipators as often
as por sible. ,,sinp mencur" clisL%: iL thermometers.

?)op'4 which showed signs of tirinrl were broug'ht to the investi-
gators' attention. These dogs were observed more closely during
road marches and scouting procedures, and their rectal temperatures
were monitored with a Yellow Sprini, probe and meter equipped with
a 15 ft. lead.

Because thn.s ainect of the study was relatively unstructured,
the results are presented as guncral conclusions in narrative form.
ApproximatePy 30 temperatures were rccorded daily, perhaps half
representing multiple readinpa in several dogs.

Rectal temneratures of dogs at rest were found to range from
100-10317 (38-40C) with most between l10-102F (approximately 39C).
Temperatuxrs L.ended to be lower when taken by the dog's own handler
in a quiet envi.rnniment than Whhon the dup, was presentod to one of
the invwstiq'ators and restraiuned.

Reocal tnm;,,,,tures for most dons du:ina worl. ranged from 101
to 1.05F, vari'•ug .oistluerahly boecaie of such variables as the
pace of WOr]-, t1,. terrain, avitilah.it of shade, and the ambient
tmpetaur.e and hutindity. On ihutter and more humid days (as dons'
temperatue.s tftnded to increas"i pant npproxitantely 102-103F) the dogs
showed hc'.ih•.eiied irntrerst in -ihatde, and ,, dtisitilination to spontaneous
phvysicc acti'vity,

On road marchec, the dora achtevinpW temperatures of 104-105F
did so xi¢thin one hour on several. uccasious, and maintained this
tomperatutr for the remtinint' iour ;r so of the march. Most dogs
did not exceed O,41. "1hc dos wtith r(:etat temperatures 104-105F
still appearod streoti, and alert
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A rnrall p1 JIent;sle of do.s (10,. 'i Initial fet road marches)
nciiLevCO(I rectal tc,-iperattires of I,')5F (40J.5C) in lass than in hour
and continued to !.'ncrean;e their ir:1parthermia. It was these dogs
uziich w.ake.ti.', ,t a.ge red and collan.ed with temperatures of 106-

.817F (41-42C). Withl one excel)tion, rhey made satisfactory recoveries
af er treatment. Treatment usually cL.naiisted of immersion in the
nearent stroarm, oL failing that, soaki.,a with whatever water was
avallnbl.e, and re-t,, in ±,lbade. Certain of the dogs were more suscep-
tible and eakc:ncd earl,,. m,: moe;t marchies, with hilher temperatures
than their eI n-svatre.;.

During tho courie of Cii.th study, it was not possible to determine
whether these sniscetiblh do(,s had some objective characteristic which
would identify them ars heat sensitive. It should be possible to devise
a perfnrmance test and to establish acceptable limits of performance
under defined conditions of thermal stress.

One do!!, not in the ration groun, succumbed to heat exhtaustion
after driving hee Yellow Springs meter to IO8F (42C), its maximum
position.

rigures 1 & 2 depict !,enerally the ambient temperature and humidity
during the stu(lv, representing all of July and August and the first*
week of Sentember. Wind snpued data are absent but the wind was
usually less than 5 knots.

Figure 1 reflects the more common situation, relatively clear
.eather, !Yhich tended to be uncomiortably hot: on most of these
days the relative humidlt., (R!) during wunrhin,, hours (0600 - 1800)
was not excessive, Thiese conditi.ota prevailed approximately 70-75.
of the days.

Figure 2 reprefent., the other common weather pattern, encountered
on overca.,t and/or rainy daws: thceýra were 15 of chlese during the
'-tudl period. Oin tiliv(2e davy, cxces~iive humidi. ty cociplicatetl the
011Coriforrh. h. X,, r.etwpratnrioi, resulting in iriportant heat hazard.
Tli-.;e dIn prodhv,.d t of tlie tient "ca-it alrxs ' among tihe dogs.
(Sutch days occurzed between 9 - 1- .iuly and again around the 19th,
early in trai nitn, ovr.Lod, and tho1refire Ibvforu acclirmation was
complor.n. On rihe 1.0ti, 7 of .51 dopi ware trenatd for heat exhaustion
dhuring a road mar Eh. the ti:tie.e number for any day. Average temperature
for tile neriod 07)" -. 160() cOat . d:i" -'as Ur , average Mh was 69Z.)

It wn,; ,obviotw that envir .tnmenranl heat: and humidity find a deleterious
offue.t on the dols. Not :-,.lv dfil extrorie cases become casualties during
road marches, butt tanv dogs, wtith botyv temperatures in "working range , "
e.,-., 103-103JF, nn,.r:'rr,:'d noorl:' dortni' :itoutlne, procedures. The dogs
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were listless and inattentive despite the handlers' best efforts. On
numerous occasions, artefmts by the dog to seek shade were "misread"
as an "alert" by the handler.

A limited amount of data are available on canine nerfornance in
hot environments (20-24). These data show unmistakably that dogs do
not tolerate heat well and would predict that ambient conditions such
as those encountered in this study pose significant challenge to Lhe
dog's thermal equilibrium. While the conditions were not life-threatening
to most dogs, the dogs' basic responses to thermal stress were put in
motion and the dogs consequently tend to avoid physical exertion,
attempt to avoid direct sunlight, and most pant at rapid rates,
sacrificing some body water (but very little sodium chloride) in
the process.

Since preservation of thermal equilibrium is so basic a physiologic
drive in homotherms, it is understandable that this behavior may supersede
the dogs' newly-acquired scouting skills or their attention to training,i.e., as they encounter heat stress, their performance necessarily
deteriorates.

The data presented in refs. 20-24 were reiterated by us (25):

a. Dogs do not tolerate heat as well as people do. Dogs are
incapacitated by conditions that man can tolerate.

b. Humidity is a very important factor (more so than in humans)
and becomes limiting at higher ambieat temperatures.

c. Dogs can acclimate to heat to some degree.

d. Once the dog is acclimated, very little can be done to further
improve his performance in hot environments.

e. Replenishment of body water at frequent intervals (e.g.,
hourly) probably is the most potent procedure in maintaining endurance.

f. The importance of electrolyte supplements in the management
of heat exhaustion (and its prophylaxis) has not been established.

g. In hot environments, the rate of heat dissipation appears to
be the limiting factor in the dog's ability to maintain thermal
equilibrium.

h. In hot environments heat dissipation is almost exclusivelyevaporative cooling via panting over moist oropharyngeal mucosa.
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The following examples from the literature convey some of the lLmi-
tations of the canine species in thermal stress:

a. (Ref. 20) A res.tin1 dog was confined in an environment of
l10F, 65% RI1. After 2 hours its rectal temperature had increased from
l00.5F to 105.017 and after 3 hours, to 107F.

b. (Ref. 22) Dops at rest in 100F, 90% RI had their rectal temper-
ature increase from 101' to 1O4F after 2-1/2 hours.

c. (Ref. 23) Dogs were run at 3.6 mph, 17" incline in temerate
envieonment of 76F, 53% RI1. Running endurance was a function of heat
dissipation. Some ran for 2 lirs., having developed rectal temperatures
of 104-105F after only 30 minutes, and maintained that temperature;
others developed rectal temperatures of 107-108F after 30-60 minutes
and had to be stopped. How quickly these incapacitating temperatures
would be reached in temperatures above 85F and 50% R11 is conjectural.

These examples and the cited references do not define the limits
of the dog's ability to work in hot environments. Until such infor-
mation is available, it is prudent to recognize that performance will
be compromised by heat, and when military operations are unavoidable,
the dogs must be given every advantage possible. Crucial among these
would appear to be frequent access to drinking water, unrestricted
airway and oropharyngeal muccsa, and gradual exposure to the hot
working conditions.

A question frequently asked by the cadre and handlers was whether
clipping the dogs' hair would be beneficial. Clipping would expose
the skin to sunburn and other trauma, and very little thermal benefit
would be derived from this procedure. The resting dog's pulse rate
(and body temperature, and metabolic requirements) increase above
normal at about 95F if 1I1 is 75%, and at 105F when humidity is 25%
(9). But dogs' skin temperature is 94F normally. At ambient temper-
atures above this level, no heat can be lost into the environment by
radiation (and the dog doesn't sweat to evaporate moisture from his
skin except for small areas on footpads and nose). At ambient temper-
atures below 94F, bare skin would radiate some heat out into the envir-
onment, but the quantitative benefit would be minimal unless there was
a substantial difference between skin temperature and air temperature.
If there were, the air temperature would be sufficiently low that
heat stress would not be a problem (e.g., below about 70F).

At ambient temperatures approaching 90F (which virtually exclude
loss of heat by radiation from skin), the dog's heat dissipating
mechanism is restricted to panting warm air (body temperature) over
very wet oropharyngeal imicoca, evaporating that moisture and thus
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':of jrig• the mucrx.ia to tibae ie.s,r-e. A& ztribitit t ;" in, reases,
--\,an•orative e~ffiniviic,, do't.•, : W.l,'t 105'4 i Ls',z Z( Ll• l t l,

becomes faster and faster.

The dn(! is very resistant to respirator- :tlklao[is and can

tolerate rapid and wide excursion!, of blood -) and n(. (24). :;lt

ultir:atelv alkalosis ;rill follow ,1LrvL1Wti!:fti(. ,:ii, tor .
a.nd collapse.

Intuitively. one uould expect a chronically heeat-stressed dog

to suffer loss of appetite, and this may well undeclie the wei,,ht

ioss observed under these conditions. The present stud,, did not include

temperate-climate controls for amount of food eaten, to evaluate this.

ýiithin the temperature ranres experienced, however, food consumption
•is correlated (inversely) to a si-nificant depree with environment.l

temperature.

C0121CLUSIONS

1. Moderate to high ambient temperature, especiallv when combined
with high to even moderate relative humiditv, is poorly tolerated

by dogs. Under the conditio.s of this study, effects ranged from
death due to heat exhaustion to milder forms of heat exhaustion.

hlen even slightly overheated, many dogs were inattentivt to in-

struction and easily distracted (e.q., by shade).

2. Weight loss (approximately 3% of starting weight) occurred in
half the dovs which completed 12 weeks of training. Under conditions
of this study, it was not possible to correlate efficacy of training

with weight performance.

3. The groun of dogs fed ISD Tgained weight, while those fed Standard

Item rations lost weight.

4. M'LP contains annroxiratelv 5u;. more calories as digestible energy,
".0d all of the macronutrients (protein, (at, Lrhohvdrate and

ui-v matter) were more di,,estihle by iJ-20%. .,ot only does ,iSI)
Lntain riore calories, but overell digestfl'ility was 94%, compared

t: ,-) for the Standard Item diets

3. Under the conditions of this study, at least 50 kcal absorbed
n-r pound of bed, weight per dae were required to prevent weight
loss.

6. A diet having t~ie palatability and nutritional characteristics
* 'of -fSD) is stronply recommended as a diet for military dorb. lts

li' h digestibility and rulativelv concentrated form provide greater
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,qsurance that dogs will receive adequate nutrition when nutritional
requirements are high (strenuous work) or when appetite is diminished
for any reason.

7. The Sturdy Dog Food product cannot be recommended as an adequate
r'tion for military dogs due to its low digestibility and relatively
P'oor palatability to the dogs.

8. To the extent compatible with military requirements, training
dad other operations involving dogs shculd be planned with cognizance
that dogs do not tolerate heat as well as humans. Opportunity for
the dogs to acclimate by gradual exposure should be provided; ample
drinking water should be available frequently; muzzles, choke chains
and other impedements to unrestricted panting should be minimized;
and housing and rest areas should be selected to take advantage of
qhadc.
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TABLE 2A

Food Consumption Per Dog (lbs/wk)
Dogs Not Completing 12 weeks - MSD

Dog No. 9 16 36 38 40 50 51 52 59

Week 1 *
No. Meals 4 4 4 3 4 4 3 4 3
Total lbs. 9.35 5.78 9.35 7.17 9.35 7.06 3.57 8.54 5.68

Week 2
No. Heals 7 7 5 6 7 7 6 5 7
Total lbs. 12.95 5.28 8.48 6.93 12.95 7.33 6.37 8.78 7.75

Week 3
No. Meals 7 7 7 7 7 7 7
Total lbs. 13.09 4.04 6.91 5.82 5.43 7.23 8.17

Week 4
No. Meals 7 7 7 7 7 7 7
Total lbs. 13.09 6.66 10.80 11.97 7.08 9.36 6.51

Week 5
No. Heals 7 7 7
Total lbs. 11.28 9.97 4.86

Week 6
No. Heals 7 7
Total lbs. 9.66 8.89

Week 7
No. Meals 7 7
Total lbs. 8.18 6.17

Week 8
No. Meals 7 7
Total lbs. 10.07 9.81

Week 9
No. Meals 7 7
Total lbs. 11.27 8.56

Week 10
No. Heals 7
Total lbs. 8.13

* Values exceeding 1.9 lb/meal (HSD) or 2.2 lb/meal (Gaines) result f•rn

incompletely standardized feeding procedure during initial few days.
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TABLE 3
Food Consumption Per Dog (lbs/wk)
Dogs Comp1uting 12 weeks - STURDY *

Dog No. 2 10 15 18 22 46 47 58

Week 1
No. Meals 3 3 3 3 3 3 4 3
Total lbs. 3.75 2.56 3.29 6.41 5.12 3.16 6.41 5.36

/

Week 2
No. Meal- 7 7 7 7 7 7 6 7
Total lbs. 9.35 8.57 8.00 12.23 9.87 8.09 8.64 7,44

Week 3
No. Meals 7 7 7 7 7 6 7 7
Total lbs. 11.19 7.77 9.38 10.26 11.95 24 8.24 6.40

Week 4
No. Meals 7 7 7 7 7 7 7
Total lbs. 8.31 11.35 10.78 9.67 13.14 7.45 12.99 8.74

Week 5
No. Meals 7 7 7 7 7 5 7 7

Total lbs. 6.68 12.09 11.95 11.00 14.03 4.98 11.11 8.80

Week 6
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 11.05 9.68 10.97 11.47 12.36 7.09 8.05 7.55

f. Week 7
No. Meals 7 7 7 7 7 4 7 7
Total lbs. 12.07 9.88 9.54 12.27 13.13 6.56 7.93 9.24

Week 8
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 11.12 11.51 13.83 11.76 13.92 8.67 11.73 9.13

Week 9
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 10.64 11.76 12.71 13.42 14.46 7.52 6.50 7.98

Week 10
No. Meals 7 7 7 7 7 6 7
Total lbs. 8,64 10.11 11.47 10.33 11.50 4.68 10.60 7,22

Week 11
t No. Meals 7 7 7 7 7 7 7 7

Total lbs. 12.61 12.75 14.06 13.48 14.25 9.03 12.35 9.23

Week 12
No. Meals 6 6 6 6 6 6 6 6
Total lbs. 7.63 11.22 12.36 11.01 12.36 8.24 11.51 u.3,
* Maximum possible for 7 day week - 15.4 lbs.

•* Values exceeding 1.9 lb/meal (MSD) or 2.2 lb/meal (Gaines) result from inccmpie e.
standardized feeding procedure during initial few days.
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TABLE 3A

Food Consumption Per Dog (lbs/wk)
Dogs Not Completing 12 weeks - STURDY

Dog No. 1 25 26 28 30 31 39 48 53 54 60

Week 1*
No. Meals 3 2 2 4 4 3 3 4 3 3 3
Total lbs. 3.33 3.11 3.16 4.54 10.32 2.98 4.97 6.65 3.95 3.79 5.75

Week 2
No. Meals 7 7 7 7 7 6 7 7 7
Total lbs. 8.69 7.92 10.64 13.02 6.62 7.62 6.13 11.83 12.71

Week 3
No. Meals 7 7 7 7 7 7 7
Total lbs. 6.83 6.61 9.21 8.17 7.79 4.74 11.48

Week 4
No. Meals 7 7 7 7 7 7 7
Total lbs. 8.61 8.56 10.61 10.69 10.16 6.62 11.86

Week 5
No. Meals 7 7 7 7 7
Total lbs. 14.42 11.07 12.31 10.61 13.04

Week 6
No. Meals 7 7 7 7
Total lbs. 10.87 12.48 11.72 12.35

Week 7
No. Meals 6 7 7 6
Total lbs. 9.92 13.39 10.81 12.36

Week 8
No. Heals 7 7
Total lbs. 13.29 13.33

Week 9
No. Meals 7 7
Total lbs. 14.42 11.43

Week 10
No. Meals 7
Tc lbs. 12.74

• Values exceeding 1.9 lb/meal (MSD) or 2.2 lb/meal (Gaines) result from incompletely
standardized feeding procedure during initial few days.
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TABLE 4

Food Consumption Per Dog (lbs/wk)
Dogs Completing 12 weeks - GAINES *

Dog No. 7 14 21 27 35 37 45 57

Week I
No. Meals 3 3 4 3 3 3 3 4
Total lbs. 4.48 5.41 10.09 6.49 5.59 6.34 6.38 12.31

Week 2
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 5.75 10.22 13.89 11.67 11.26 11.17 10.02 14,42

Week 3
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 5.05 9.36 13.29 9.96 10.23 9.97 6.34 12.85

Week 4
No. Meals 7 7 7 7 7 7 7 7
Total lbs. 5.52 9.36 14.42 12.72 11.40 13.61 9.64 14.42

r Week 5
1No. Meals 7 7 7 7 7 7 7 7
Total lbs. 5.80 10.23 14.42 12.19 13.78 12.47 10.84 14.42

S Week 6
SNo. Meals 7 6 7 7 7 7 7 7

Total lbs. 5.86 8.63 14.42 11.20 13.85 11.47 9.65 14.42

Week 7

No. Meals 7 7 7 7 7 7 6 7
Total lbs. 9.17 11.73 14.42 11.46 12.48 11.21 9.03 8.84

SWeek 8
kNo. Mals 7 7 7 7 6 7 7 7

Total lbs. 9.37 12.50 13.55 11.38 11.06 12.01 11.16 14.42

Week 9
No. Meals 7 7 7 7 7 7 7 6
Total lbs. 9.83 9.87 14.42 11.87 12.72 13.22 11.89 12.3b

Week 10
No. Meals 7 7 7 7 7 6 7 7
Total lbs. 11.05 12.13 14.42 13.46 12.82 11.35 12.22 14.42

Week 11
No. Meals 7 6 6 7 7 7 7 7
Total lbs. 10.79 10.93 12.36 13.96 13.74 14.14 11.07 13.84

Week 12
No. Meals 6 6 6 6 6 6 6 6
Total lbs. 9.37 10.55 12.23 11.01 11.16 12.08 11.15 12.36

* Maximum possible for 7 day week - 15.4 lbs.

** Valueb exceeding 1.9 lb/meal (MSD) or 2.2 lb/meal (Gaines) result from
incompletely standardized feeding procedure during initial few days,
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TABLE 4A

Food Consumption Per Dog (lbs/wk)
Dogs Not Completing 12 weeks - GAINES

Dog No. 3 5 6 12 17 23 33 34 43 44 49

Week 1 *
No. Heals 3 3 3 3 3 3 4 2 3 3 3
Total lbs. 4.68 7.77 6.85 5.00 4.44 6.66 9.21 6.87 6.90 6.75 7oGO

Week 2
No. Meal 4 7 7 7 7 7 7 7 7 6
Total lbs. 6.40 13.82 12.74 9.79 8.20 10.29 12.64 11.86 12.23 10.36

Week 3
No. Meals 7 7 7 6 7 7 7 7
Total lbs. 13.8 8.11 7.99 7.04 12.75 12.46 11.75 5.24

Week 4
No. Meal 7 7 7 7 7 7 7
Total lbs. 11.12 9.29 11.32 9.67 13.38 13.90 13.15

Week 5
No. Meals 7 7 7 7 7
Total lbs. 11.61 9.53 10.18 14.05 13.28

Week 6
No. Meal 7
Total lbs. 10.11

Week 7
No. Meals 7
Total lbs. 12.81

Week 8
No. •eals 7
Total lbs. 10.69

Week 9
No. Meals 7
Total lbs. 12.68

* Values exceeding 1.9 lb/meal (1SD) or 2.2 lb/meal (Gaines) result from
incompletely standardized feeding procedure during initial few days.
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TABLE 6

Summary of Food Intake and Body Weight
Dogs Completing 80 Days

Ration Group; Body Wgt. Food Eaten No. Meals lbs/meal Kcal absorbed2 Body W-3.
Dog Number lbs. x Total lbs. Eaten x per day per lb.3 A lbs. 4

H~SD
4 60.6 101.18 80 1.26 2882 47.6 + 8.0
8 77.0 125.11 80 1.56 3568 46.3 + 9.0

13 62.0 120.28 80 1.50 3431 55.3 - 1.0
19 69.4 127.42 78 1.63 3728 53.7 + 10.0
24 57.7 104.50 79 1.32 3119 54.1 + 3.0
29 66.2 144.42 80 1.81 4139 62.7 + 10
32 57.3 111.41 79 1.41 3225 56.3 + 3.0
42 77.9 125.48 79 1.59 3636 46.7 - 1.0
55 75.8 101.73 80 1.27 2904 38.3 - 1.0
56 72.4 122.88 80 1.55 3545 49.0 + 7.0

mean (67.6) (1.49) (3418) (51.0) (+ 3.7)

STURDY
2 81.8 113.06 79 1.43 2236 29.3 - 110

10 66.5 119.25 79 1.51 2362 35.5 - 10.5
15 69.6 127.84 79 1.62 2533 36.4 - 1.0
18 73.5 133.31 80 1.66 2596 35.3 0
22 65.7 146.05 79 1.85 2893 44.0 + 4.0
46 56.2 79.71 72 1.11 1736 30.1 - 2.0
47 71.0 116.06 79 1.47 2299 32.4 0
58 62.5 93.18 79 1.18 1846 29.5 - 4.0

mean (68.4) (1.48) (2312) (33.8) (- 1.6)

GAINES
7 53.5 90.04 79 1.17 1872 35.0 - 4.5

14 62.5 121.19 79 1.57 2512 40.2 - 5.5
21 71.2 161.93 79 2.05 3280 46.1 - 2.0
27 56.6 137.37 79 1.74 2784 49.2 + 1.0
35 57.1 140.09 78 1.80 2880 50.4 - 1.0
37 58.7 139.04 78 1.78 2848 48.5 0
45 56.2 119.39 78 1.53 2448 43.6 - 3,0
57 63.9 159.08 79 2.01 3216 50.3 0

mean (59.9) (1.73) (2730) (45.4) (- 2,9.

1 mean of weekly weights throughout study
2 calculated from mean digestibility coefficient for Kcal (Table 10) and mean

caloric content of ration (Table 1)
3 mean body weight

difference between initial and final weight
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TABLE 7A

Weekly Bcdy Wgt. (lbs) Individual Dogs - HSD

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 A

Dog Number

4 55 58 63 64 61 58 58.5 60.5 62 63 61 63 6,,

8 74 74 74 76 77 77 76.5 78.5 79 78 79 75 83 77

13 62 60 61 61 63 62 61 63 59 62 64.5 62.5 61.5

19 63 65 68 74 71 71 70 70 73 65.5 68 70.5 73 69,.

24 57 57 58 56 57 57 56 60.5 58 56 59 59 60 57.7

29 70 65 64.5 63 62 62.5 65 70 66.5 66.5 66.5 67.5 10.5 (,6.2

32 58 55 55.5 54 54 57.5 55 58.5 59 58 60.5 58.5 61 57.3

42 79 75 78 78 77 79 77.5 80 78 77 78.5 77 78 77,9

55 79 77 79.5 76 74 73 72 73 74.5 74.5 77.5 77.5 77.5 '5,8

56 69 70 67.5 73.5 73 70 69 73.5 73 75 74 75.5 75.5 ,2,-

x 66.6 70.2 6? .
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TABLE 7B
Weekly Body Wgt. (iba) Individual Dogs - STURDY

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 x
Dog Number

2 83 82 83 83 82 76.5 72 84 83.5 83 85 83.5 84 81
10 77 69 65 66 67 66 64 66.5 66.5 65 60 65 66.5 66-.
15 75 71 67 69 69 68.5 67 70.5 67.5 69 69 69 74 69o5
18 73 77 74 73 72 72.5 69.5 76 72.5 73 74 75 73 '3 -
22 65 65 64 66 65 65.5 65 65.5 66 65 65.5 67.5 69 65ý;
46 59 60 55 58 55 56.5 55 56.5 54.5 54.5 55.5 53.5 57 '2
47 71 74 67.5 69 73 69.5 77.5 71.5 71 68 70.5 70.5 70.5 7,
58 66 61 62 69 63 63 60 62.5 61.5 59.5 62 60.5 62 b2 5
x 71.1 

69.5 68,4
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TABLE 7C

Weekly Body Wgt. (lbs) Individual Dogs - GAINES

Week 0 1 2 1 4 5 6 7 8 9 10 11 12 x

Dog Number

7 58 57 55 54.5 53 51 49 54 52.5 51 53.5 53 53.5 53.5

14 69 66 64 65 63 62.5 60.5 63.5 60 57.5 60 57.5 63.5 62...

21 72 73 71 74 70 69 67.5 73 67.5 70.5 76.5 71.5 70 7hc

27 57 57 55 57 56 54.5 55 58 55 57.5 58 57.5 58 36.6

35 60 57 56 59 55 56 56 59.5 56 58 57.5 53 59 57.1

37 61 60 58 59 58 57 58 61.5 56 55 60 58 59 58.'

45 61 58 55 56 55 56.5 54 57 54 55.5 56 54 58 ,56 2

57 66 65 63 64 62 63 62 64 63 63 64 66 65.5 63.9

x 64.0 61.1 59.9

37



TABLE 8

Indidivual Quantities of Food Consumed & Feces Produced
Balance Study 24-28 Sept 68

Ration; Dog No. Food Eaten, m Feces, Gm

HSD
4 3137.1 894.9
8 2456.1 835.9

24 2569.6 908.0
29 4540.0 2457.3

mean 3175.7 1273.7
+ 1 s.d. + 957.0 + 789.6

STURDY
2 1838.7 2111.7

18 2846.6 2765.5
46 2070.2 1916.4
58 2728.5 2524.2

man 2371.0 2329.5
+ 1 s.d. + 492.5 + 385.6

GAINES
14 3632.0 3091.7
21 4322.1 4767.0
27 3450.4 2965.2
57 4540.0 4367.5

man 3986.1 3797.9
+ 1 s.d. + 526.6 + 904.7
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TABLE 8A

Individual Quantities of Food Consumed & Feces Produced
Balance Study 14-18 Aug 68

Ration; Dog No. Food Eaten, Gm Feces, Gm

MSD
23M9 2812.2 939.8
8?26 4408.3 1847.8

mean 3610.3 1393.8

STURDY
05M3 3205.2 2783.0
6M22 4540.0 5316.3

mean 3872.6 4049.6

GAINES
M424 4426.5 4326.6
7M149 4408.3 4512.7

mean 4417.9 4419.6
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TABLE 9

Feces Analysis (Gm/lO0 Gm) Individual Dogs
Balance Study 24-28 Sept 68

Ration Group; Energy Carbo- DryDo- Number Kcal/O0 Gm) Protein Fat • Ash H1atter Aois,: re

XSD
4 113.1 11.2 2.88 10.95 6.03 31.06 6ft.,8 75.3 8.1 1.56 7.35 3.99 22.41 77.5929 100.8 8.8 1.44 11.91 5.40 27.55 ?2.,'29 75.0 8.6 1.62 5.76 2.82 18.80 11311,

mean 91.0 9.2 1.88 8.84 4.56 24.95 ', •

STURDY
2 90.6 7.2 1.26 12.00 4.81 25.17 74 P18 89.4 7.3 1.44 10.24 4.26 23.27 1,.46 85.5 5.7 1.65 11.37 4.95 23.59 76•..58 95.1 6.8 1.50 10.53 4.35 23.17 76.('3

mean 90.1 6.8 1.46 11.04 4.58 23.79 76.,1

GAINES
14 72.6 5.2 1.59 11.88 3.72 22.39 '21 77.7 5.0 1.62 10.23 3.37 20.16 ?' {•27 104.1 6.6 1.86 13.65 4.20 26.31 7 :,57 89.4 5.4 1.35 12.60 3.81 23.20 76.84

mean 85.9 5.6 1.61 12.09 3.77 23.00 77.0,

40



TABLE 9A

Feces Analysis (Gm/100 Gm) Individual Dogs
Balance Study 14-18 Aug 68

Ration Group; Energy Carbo- Dry
Dog Number (Kcal/lOOGm) 1'rotein Fat hydrate Ash 'latter io-s, ;re

MSD
23M9 110.1 9.0 2.19 1287 6.45 37.51 69.' 9
8M26 112.5 7.8 3.99 10.05 4.98 26.32 73,16

mean 111.3 8.4 3.09 11.46 5.72 28.66 71.3,.

S TURDY
05M3 94.5 8.2 1.83 9.72 4.26 23.97 76.1
6M22 73.5 7.8 1.59 7.92 3.86 19.32 83,,•

mean 84.0 7.6 1.71 8.51 3.81 21.64 78.3t,

GAINES
M424 87.0 5.7 2.22 10.86 3.81 22.54 77.44
7,119 86.1 6.3 1.68 11.70 4.26 23.94 76.06

mean 86.5 6.0 1.95 11.28 4.04 23.25 7L. 5
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TABLE 10

Digestibility Coefficients (Z) Individual Dogs
Balance Study 24-28 Sept 68

Ration Group; Carbo- DryDog Number Kcal Protein Fat hydrate Ash Uatter

HSD
4 94.01 88.42 96.63 90.61 66.67 90.208 95.24 90.01 97.82 92.48 73.68 91.5vt24 93.38 88.73 97.92 87.34 63.02 87.2129 92.46 83.12 96.41 90.62 70.42 85.Nt

man 93.77 87.77 97.20 90.26 68.44 89.02+ I s.d. + 1.17 + 3.05 + 0.79 + 2.13 + 1.30 + 2.80

STURDY
2 75.86 70.63 81.40 71.62 28.26 68.5918 79.85 75.81 82.02 79.51 45.11 75.4346 81.64 91.26 80.37 78.33 39.23 76.2?58 79.59 77.65 82.16 79.94 46.26 76.09

mean 79.24 78.84 81.49 77.35 39.72 74.10+ 1 s.d. + 2.43 + 8.80 + 0.81 + 3.88 + 8.23 + 3.69

GAINES
14 85.45 83.00 82.19 80.24 50.83 79.2321 79.82 78.81 79.49 77.95 42.97 75.7;27 78.95 78.21 78.97 77.07 43.95 75.3657 79.75 80.05 82.91 76.31 43.09 75.72

mean 80.99 80.02 80.89 77.89 45.21 76.52,+ I s.d. + 3.00 + 2.13 + 1.96 + 1.70 + 3.77 + ..,
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TABLE 10A

Digestibility Coefficients (%), Individual Dogs
Balance Study 14-18 Aug 68

Ration Group; Carbo- Dx ,.
Dog Number Kcal Protein Fat hydrate Ash IMatt.e.;

MSD
2319 93.07 89.56 96.92 86.41 57.23 88 5-
81H26 91.12 88.65 92.94 86.69 58.58 87,41'

mean 92.10 89.11 94.93 86.55 57.91 87..
+ 1 s.d. + 1.38 + 0.64 + 2.81 + 0.20 + 0.95 + 0.b3

STURDY
05M3 80.85 74.74 79.44 81.97 51.71 76
6H22 79.91 70.50 75.91 81.76 48.63 73.o

mean 80.38 72.62 77.68 81.86 50.17 75.93
+ 1 s.d. + 0.44 + 2.30 + 2.50 + 1.56 + 2.18 + 1.42

GAINES
M424 80.62 79.25 73.11 78.93 50.21 16,71
7M19 79.92 75.97 75.26 77.08 41.69 .3

mean 80.27 77.61 74.19 78.00 45.95 '14.1j,
+ 0.50 + 2.3 + 1.52 + 1.30 + 6.02 + 11,)':
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TABLE U1

Serum Sodium Level (mg/lO ml)

Week
0 2 4 6 8 10 12

Ration Group;
Dog Number

HSD
4 153 140 139 142 145 146 145
8 158 144 152 141 151 150 149

13 154 144 155 151 149 148 145
19 154 152 153 147 146 149 156
24 152 140 145 144 144 140 145
29 149 145 146 142 145 145 142
32 153 142 147 132 149 148 145
42 148 162 145 146 - 145 144
55 149 160 149 150 140 140 144
56 147 146 164 144 140 141 145

mean 151 147 149 143 145 145 146

STURDY
2 159 138 152 127 150 154 145

10 153 140 176 140 145 151 145
15 152 153 140 142 148 145 144
18 153 151 147 143 145 148 149
22 153 160 152 141 145 146 145
46 149 149 143 142 145 150 145
47 151 165 145 144 145 148 145
58 148 144 164 139 144 141 145

mean 152 150 152 139 145 147 145

GAINES
7 152 139 149 139 145 146 144

14 153 157 160 143 150 149 144
21 150 152 143 139 142 144 142
27 152 151 142 144 144 141 141
35 152 152 148 154 149 151 146
37 147 .57 150 140 145 146 142
45 148 143 156 141 145 149 145
57 150 145 152 137 140 140 149

mean 150 149 150 142 145 145 144

Grand mean + 1 s.d. - 147 + 6.1
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TABLE 12

Serum Potassium Level (=8/100 MI)

0 2 4 Wk6 8 10 12
Ration Group;

Dog Number

MSD
4 5.1 4.9 5.8 5.1 5.1 5.1 4.18 4.9 4.7 4.6 5.1 4.1 5.0 4.613 5.5 4.6 5.1 5.2 4.6 5.1 4.919 5.1 5.1 5.1 5.5 5.1 5.1 4.524 4.9 5.3 5.0 5.2 4.9 5.0 4.829 5.0 5.0 4.8 4.8 5.1 5.1 4.532 5.3 5.2 5.2 4.9 4.6 5.4 5.042 5.2 6.2 5.6 5.1 5.4 4.655 5.2 5.9 5.5 5.6 5.5 5.2 5.056 5.4 5.1 4.9 5.2 4.5 5.2 5.2

me 5.2 4.7 4.7 5.2 4.8 5.2 4.7

STMJtY
2 5.0 5.5 5.8 5.4 5.2 5.2 4.,410 5.2 4.4 5.2 5.3 5.1 4.6 4.615 5.0 5.4 5.0 5.3 5.1 5.0 4.918 5.1 5.1 6.7 5.4 5.4 5.0 5.022 5.3 5.7 5.9 5.4 5.1 5.2 4.846 4.9 5.0 5.5 5.0 5.0 5.0 4.547 4.7 5.6 5.3 5.3 4.8 5.1 4.858 4.8 5.1 4.8 5.1 4.9 4,4 4.6

mean 5.0 5.2 5.5 5.3 5.1 4.9 4.7

GAINES
7 4.9 4.7 5.2 4.8 4.4 5.)14 5.7 5.7 5.9 5.3 5.4 5.4 5.021 4.5 5.0 5.5 5.6 5.1 4.0 5.:27 5.1 5.1 5.3 5.4 5.0 5.2 4-35 5.0 5.3 5.0 5.4 5.1 5.1 4 437 5.2 5.9 4.6 5.1 4.6 4.8 4.645 5.3 5.1 5.4 5.3 4.9 5.2 4.957 5.4 5.0 4.9 5.1 5.5 4.8 4.5

mean 5.1 5.2 5.2 5.2 5.0 4.( ,,9 7
Grand mean + 1 s~d. - 5.0 ± 0.54
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TABLE 13

Serum Chloride Level (ag/100 al)

Week
0 2 4 6 8 10 12

Ration Group;
Dog Number

HSD
4 137 134 125 117 119 117 117
8 107 120 119 118 118 119 120

13 112 129 129 135 120 120 121
19 121 125 126 118 118 123 134
24 121 114 118 119 120 118
29 125 119 119 120 124 125 116
32 121 123 121 121 122
42 108 128 120 12M 121 117
55 118 128 116 123 116 119 115
56 120 116 129 118 122 119 115

mean 118 123 122 120 120 120 119

STURDY
2 115 124 126 119 117 115 118

10 122 127 121 118 118 119 119
15 126 129 124 121 118 114
18 126 118 120 117 122 115 120
22 115 115 133 126 120 118 118
46 135 128 118 122 114 116
47 120 125 118 118 119 118
58 110 123 130 119 123 116 114

mean 119 123 126 119 119 116 117

GAINES
7 129 122 123 116 113 110 116

14 109 119 123 121 121 114 120
21 138 129 124 127 119 119 122
27 118 124 118 118 112 117
35 114 122 130 120 120 116 119
37 116 127 128 114 122 118 118
45 116 123 128 121 124 123 122
57 116 126 135 122 126 116 125

Man 119 124 127 119 120 116 119

Grand mean + 1 e.d. - 121.7 + 5.5
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TABLE 14

Serum Calcium Level (mg/100 ml)

Week
0 2 4 6 8 10 12

Ration Group;
Dog Number

N4SD
4 10.5 10.7 11.3 10.0 10.8 11.5 10.5
8 10.6 11.4 10.7 10.2 10.6 10.4 10.4

13 10.3 11.2 11.8 10.7 13.0 10.5 9.9
19 10.1 10.8 10.7 10.6 10.0 10.5 11.1
24 10.3 11.1 10.4 9.5 10.2 10.0 10.1
29 9.7 10.8 10.6 8.9 10.2 10.0 9.9
32 10.5 11.6 10.2 9.1 10.6 10.5 10.5
42 10.3 11.4 10.3 11.4 11.1 10.0
55 10.2 12.0 10.5 11.3 10.4 11.0 10.5
56 9.5 10.5 11.4 10.9 10.6 10.6 11.0

mean 10.2 11.2 10.8 10.1 10.8 10.6 10.4

STURDY
2 11.1 7.8 11.1 9.6 11.4 12.5 10.2

10 10.4 10.5 10.1 10.0 10.2 10.6 9.4
15 10.5 12.1 10.2 9.9 10.6 10.2 10.1
18 10.1 10.4 10.4 10.0 10.5 10.2 10.5
22 10.4 10.6 11.3 9.2 9.6 10.2 10.1
46 10.1 11.8 10.0 10.3 10.8 10.5 10.2
47 10.2 12.3 10.3 10.5 10.5 11.0 10.1
58 9.5 9.7 10.7 11.3 10.6 10.4 10.0

mean 10.3 10.6 10.5 10.1 10.5 10.7 10.1

GAINES
7 10.6 11.3 11.1 9.8 10.0 10.0 10.1

14 11.0 12.3 11.9 10.7 11.1 10.8 10.0
21 9.9 10.9 10.1 9.2 9.0 9.6 10.1
27 10.6 12.8 10.4 10.0 10.5 10.9 10.4
35 10.3 10.6 10.2 8.3 9.8 10.2 9.6
37 9.5 10.9 10.3 10.5 9.2 9.9 9.4
45 10.1 11.2 10.8 10.4 10.1 10.5 10.6
57 8.9 9.7 10.2 10.1 9.4 9.6 10.1

mean 10.1 11.2 10.6 9.9 9.9 10.2 10.0

Grand mean + 1 s.d. = 10.4 + 0.73
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TABLE 15

Serum Phosphorus Level (mg/l00 al)

Week
0 2 4 6 8 10 12

Ration Group;
Dog Number

MSD
4 3.6 5.4 5.9 5.0 5.4 4.6 4.t
8 3.8 5.8 3.6 4.3 3.1 4.5 4.4

13 4.3 6.0 4.4 5.4 4.9 5.4 5.0
19 3.8 4.4 6.0 5.2 5.0 5.4 5.1
24 4.0 6.0 4.6 3.0 4.1 4.6 4.1
29 3.1 5.4 4.1 3.0 5.0 4.9 3.4
32 4.2 6.3 4.9 4.2 4.0 5.1 4.9
42 4.4 7.0 4.0 5.9 4.1 3.9
55 3.9 8.0 3.1 5.9 5.1 4.6 4.1
56 3.1 4.9 4.2 3.8 4.1 4.1 5.0

man 3.8 5.9 4.5 4.4 4.7 4.7 4.5

STURDY
2 4.2 5.4* 5.3 4.8 5.6 4.8 3.4

10 4.6 3.5 3.7 5.4 4.5 5.1 4.6
15 3,2 6.0 2.7 4.4 3.6 4.1 4.1
18 4.0 5.8 4.8 4.4 4.9 5.0 3.8
22 4.4 6.2 6.1 4.6 4.5 5.1 4.1
46 3.2 7.0 4.6 3.5 6.1 3.9 3.0
47 2.8 7.4 4.9 4.6 5.5 4.1 4.1
58 3.0 6.8 4.2 4.5 5.1 3.4 2.9

mean 3.7 6.0 4.5 4.5 5.0 4.4 3.8

GAINES
7 3.4 5.0 4.1 4.0 3.5 4.1 4.1

14 3.6 5.7 4.5 3.5 5.0 3.6 4.6
21 3.2 5.5 5.2 4.4 3.5 4.6 5.2
27 4.2 6.3 5.2 5.2 6.0 5.0 4.4
35 4.1 5.8 4.3 3.8 4.9 4.6 4.1
37 4.1 4.7 3.5 6.6 3.2 3.9 4.4
45 3.7 5.8 3.8 4.6 3.4 3.6 3.4
57 ).7 6.6 4.1 5.6 5.1 4.0 4.5

mean 3.8 5.8 4.3 4.7 4.3 4.2 4.3

* 5.4 - E(data for dog 2) + E(data fodU )
13

Grand mean + 1 s.d. - 4.6 + 0.97
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TABLE 16

Serum Total Protein (Gm/100 ml)

Week
0 2 4 6 8 10 12

Ration Group;
Dog Number

MSD
4 6.4 7.0 6.9 6.2 6.4 6.1 6.1

8 5.7 6.2 6.0 6.6 5.8 6.0 5.8

13 6.7 7.2 7 6 6.9 6.7 6.4 6.2

19 6.0 6.4 6.8 6.4 5.9 6.1 6.9

24 6.0 6.6 6.0 6.2 5.7 5.8 6.2

29 6.1 6.5 6.6 6.2 6.6 6.7 6.2

32 6.2 5.9 5.8 6.1 5.8 6.0 6.3

42 7.3 7.3 6.5 6.6 6.2 6.6

55 7.0 7.5 6.8 8.2 6.6 6.1 6.3

56 6.5 6.4 7.2 6.4 6.0 6.0 6.3

mean 6.4 6.7 6.6 6.6 6.2 6.1 6.3

STURDY 2 6.6 6.2 6.8 6.2 6.8 6.4 6.0

10 5.9 6.0 8.2 6.6 6.0 6.2 5.6

15 6.6 6.8 7.0 6.6 6.6 6.4 6.2

18 5.6 6.2 6.5 6.2 6.3 6.2 6.2

22 6.6 6.5 7.6 6.4 6.0 6.6 6.2

46 7.4 6.6 5.8 5.4 5.6 5.8 5.7

47 6.5 6.8 6.7 5.8 5.5 5.4 6.2

58 8.2 6.1 7.3 6.4 6.1 6.4 6.0

mean 6.8 6.4 7.0 6.2 6.1 6.2 6.0

GAINES
7 7.4 7.2 8.0 7.4 7.7 7.6 7.2

14 6.8 6.0 7.5 6.2 6.7 6.2 6.0

21 5.9 5.6 6.4 6.1 5./. 6.4 6.1

27 6.9 7.8 6.8 6.5 6.7 6.8 6.2

35 6.0 5.9 6.8 5.8 5.8 6.3 5.9

37 7.3 6.2 7.0 7.6 5.8 6.3 6.3

45 6.5 6.2 6.2 6.4 6.0 5.8 6.4

57 7.0 5.8 6.8 6.2 6.0 5.8 6.2

mean 6.7 6.3 6.9 6.5 6.3 6.4 6.3

Grand mean I 1 s.d. = 6.4 + 0.57
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FIG. I ATTRITION OF DOGS FROM INITIAL GROUP
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251 GROUP
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OBSERVATIONS
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FIGURE 3 FREQUENCY OISTRIBUTION SERUM CHOLESTEROL LEVEL
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